EEDP-01-20 
August  1989 


Environmental 
Effects  of  Dredging 

Technical  Notes 


FACTORS  INFLUENCING  BIOACCUMULATION  OF  SEDIMENT-ASSOCIATED 
CONTAMINANTS  BY  AQUATIC  ORGANISMS; 


MARE  9  1995  I 


GLOSSARY  AND  BIBLIOGRAPHY 


PURPOSE:  This  is  the  fourth  technical  note  in  a  series  of  four  which  outlines 
and  describes  the  principal  factors  that  determine  uptake  and  retention  of 
chemicals  by  aquatic  organisms.  The  first  three  notes  in  the  series  describe 
factors  relating  to  contaminants,  sediment  and  water,  and  biota.  This  note 
contains  a  glossary  of  terms  and  a  bibliography  of  key  and  recent  publications 
in  the  scientific  literature  containing  supporting  data  and  discussion  on  each 
topic.  The  information  contained  herein  is  intended  to  assist  Corps  of  Engi¬ 
neers  environmental  personnel  in  activities  requiring  a  working  knowledge  of 
concepts  and  terminology  in  the  subject  of  chemical  uptake,  retention,  and 
elimination  by  aquatic  organisms  exposed  to  contaminated  sediments. 


BACKGROUND:  Bioaccumulation  is  the  general  term  used  to  refer  to  the  uptake 
and  storage  of  chemicals  by  organisms  from  their  environment  through  all  routes 
of  entry.  Bioaccumulation  includes  bioconcentration,  which  is  the  direct  uptake 
of  chemicals  from  water  alone,  and  is  distinguished  from  biomagnification,  which 
is  the  increase  in  chemical  residues  taken  up  through  two  or  more  levels  of  a 
food  chain.  Assessments  of  the  potential  for  bioaccumulation  of  toxic  substances 
associated  with  dredged  sediments  are  often  required  in  evaluations  of  permit 
requests.  Thus,  familiarity  with  the  fundamental  physical,  biological,  and 
chemical  factors  affecting  bioaccumulation  is  necessary  for  performing 
evaluations  of  the  ecological  impacts  of  dredging  operations.  Additionally,  a 
basic  understanding  of  the  concepts  and  terminology  of  bioaccumulation  is 
increasingly  required  of  environmental  personnel  who  are  involved  in  dredging 
and  disposal  operations  which  may  involve  contaminated  sediments  and  legal 
personnel  involved  with  regulation  and  litigation. 

These  notes  are  intended  to  serve  as  a  source  of  basic  information  and  to 
provide  a  guide  to  the  scientific  literature  for  each  topic  discussed.  The 
emphasis  is  on  factors  affecting  bioaccumulation  of  sediment-associated  chemi¬ 
cals.  A  brief  discussion  of  each  factor  is  given  and  a  list  of  references  is 
provided.  The  references  are  extensive  and  frequently  bear  on  more  than  one 
topic.  An  effort  has  been  made  to  select  both  historically  important  works  and 
the  most  recent  research  reports  in  each  area.  Numbers  in  parentheses  following 
the  subject  headings  locate  the  references  for  each  subject.  Papers  referenced 
are  alphabetized  for  each  subject  for  each  identification  of  those  most  pertinent 
to  the  reader's  interest. 
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The  subjects  discussed  in  these  notes  reflect  current  research  for  which 
new  findings  constantly  appear  in  the  literature.  Consequently,  the  discussions 
and  interpretations  are  based  on  inference  and  best  judgment  regarding  the 
interactions  of  factors  influencing  bioaccumulation  and  represent  the  best 
understandings  of  the  authors.  Readers  are  encouraged  to  consult  the  literature 
cited. 

ADDITIONAL  INFORMATION:  Contact  the  authors--Mr.  Victor  A.  McFarland,  (601) 
634-3721;  Mr.  Charles  H.  Lutz,  (601)  634-2489;  or  Mr.  Francis  J.  Reilly,  (601) 
634-4148--or  the  manager  of  the  Environmental  Effects  of  Dredging  Programs,  Dr. 
Robert  M.  Engler  (601)  634-3624. 


Glossary 


Absorption:  assimilation  of  a  chemical  into  biological  tissue  by  capillary, 
osmotic,  chemical,  or  solvent  action. 

Adsorption:  condensation  of  gases,  liquids,  or  dissolved  substances  on  the 

surfaces  of  solids. 

Assimilation  efficiency:  speed  and  effectiveness  with  which  a  chemical  in  food 
is  incorporated  into  the  tissues  of  an  organism. 

Bilipid:  membrane  formed  of  two  separate  sheets  of  lipid  molecules  which  orient 
themselves  so  that  the  polar  headgroups  are  exposed  to  the  outer  aqueous 
environment  and  the  nonpolar  tails  are  exposed  to  each  other. 

Bioaccumulation  potential:  equilibrium  concentration  of  a  foreign  compound  that 
could  result  in  an  organism's  tissues  given  unlimited  time  and  an  absence  of 
degradative  and  gradient  effects. 

Bioavailability:  extent  to  which  the  fraction  of  the  total  chemical  in  the 
environment  is  available  for  uptake  by  an  organism. 

Biphasic:  having  two  separate  and  distinct  stages  or  periods. 

Body  burden:  total  concentration  of  a  chemical  in  an  organism  taken  up  from 
the  environment. 

Cation:  positively  charged  ion. 

Cationic  exchange  capacity:  extent  to  which  negatively  charged  groups  of  a 
sediment  matrix  are  able  to  exchange  one  cation  for  another. 

Coprecipitate:  inclusion  of  ions  in  a  precipitation  reaction  by  physical 

association  rather  than  chemical  bonding. 

Complexation:  bonding  of  metal  ions  with  organic  molecules. 

Conjugation:  addition  reactions  in  which  large  chemical  groups  or  entire  com¬ 
pounds  such  as  sugars  and  amino  acids  are  covalently  added  to  endogenous  or 
foreign  organic  chemical  compounds  in  metabolic  detoxication. 


2 


EEDP-01-20 
August  1989 


Conservative:  reaction  that  is  not  destructive  to  the  reactants  or  catalysts 
involved. 

Crystal  matrix:  highly  ordered  and  highly  stable  arrangement  of  atoms  or 
molecules  that  is  necessary  for  the  formation  of  a  crystalline  solid. 

Detoxication:  rendering  of  a  toxic  substance  harmless,  usually  through  metabolic 
processes  and  by  excretion;  detoxication  can  precede  and  thus  prevent  toxic 
effects. 

Detoxification:  correction  of  a  state  of  intoxication. 

Dissociated:  state  of  a  chemical  compound  that  has  been  broken  down  into  its 
simpler  constituents. 

Dissociation  constant:  constant  that  describes  the  difference  in  concentration 
at  equilibrium  between  the  dissociated  and  undisassociated  forms  of  a  chemical 
combination. 

Divalent:  having  a  valence  or  oxidation  number  of  two. 

Electron-withdrawing:  molecule  or  group  on  a  molecule  that  carries  a  full  or 
partial  positive  charge  by  virtue  of  which  it  acts  to  pull  electrons  from  other 
molecules. 

Electronegative:  having  a  tendency  to  attract  electrons  especially  in  the 

formation  of  an  electrovalent  bond. 

Endogenous:  normally  occurring  in  an  organism. 

Ferric:  substance  composed  of,  relating  to,  or  containing  iron,  especially 

substances  in  which  the  iron  is  trivalent. 


Free  ion:  unbound  charged  particle  in  solution. 

Functional  group:  an  assemblage  of  atoms  that  imparts  chemical  activity  to  a 
molecule. 


Humic  material:  complex  heterogeneous  substance  produced  in  soils  and  aquatic 
sediments  by  the  decay  and  decomposition  of  organic  matter,  chiefly  of  plant 
origin. 

Hydrolysis:  double  decomposition  reaction  involving  the  splitting  of  water  into 
its  ions  and  the  formation  of  a  weak  acid  or  base  or  both. 


Hydrous  oxides:  amorphous,  noncrystalline  and  permeable  structures  composed  :un  i 
primarily  of  the  oxides  of  iron  and  manganese  and  formed  on  mineral  particles.  - 

In  situ:  in  the  natural  or  original  position.  ^ 


Induction:  stimulation  of  synthesis  of  enzymes  through  an  increase  in  available 
substrate  for  enzymatic  action. 
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Ion-exchange  resin:  permeable  solid  containing  chemically  bound  charged  groups 
to  which  ions  are  electrostatically  bound  and  exchangeable  with  other  ions  of 
like  charge. 

Ionic  strength  of  solution:  relative  concentration  of  charged  particles  in  a 
solution. 

Labile  fraction:  portion  of  a  compound  that  readily  undergoes  physical,  chemi¬ 
cal,  or  biological  change. 

Manganic:  substance  composed  of,  relating  to,  or  containing  manganese,  espec¬ 
ially  those  in  which  the  manganese  is  trivalent. 

Micelle:  water-soluble  molecular  aggregate  composed  of  molecules  containing 

both  polar  and  nonpolar  components  that  form  with  the  polar  units  oriented  to 
the  outside  of  the  aggregate  and  the  nonpolar  groups  to  the  inside. 

Normalization:  expression  of  concentration  data  for  a  chemical  in  a  complex 
mixture  on  the  basis  of  one  component  of  the  mixture  that  is  thought  to  account 
for  most  of  the  association  of  the  chemical  with  the  mixture. 

One-compartment  model:  kinetic  model  in  which  the  organism  is  considered  as  an 
integrated  unit  in  terms  of  uptake  and  elimination;  individual  internal 
distribution  and  disposition  rates  are  not  considered. 

Organometalloid:  complex  formed  by  binding  of  a  metallic  ion  with  an  organic 
ligand. 

Partitioning:  distribution  of  a  chemical  between  two  immiscible  solvents  or 
phases. 

Passive  equl ibration:  equalization  of  concentration  of  a  chemical  substance  on 
both  sides  of  a  membrane  without  the  use  of  energy  consuming  processes. 

Perfusion:  pumping  of  a  fluid  through  an  organ  or  a  tissue. 

Polyvalent:  substance  that  can  have  more  than  one  valence  state. 

Protonation:  uptake  of  hydrogen  ions  by  a  molecule  to  give  an  overall  positive 
charge. 

Steady  state:  state  at  which  the  competing  rates  of  uptake  and  elimination  of 
a  chemical  by  an  organism  are  equal  and  the  net  exchange  of  chemical  is  zero. 

Substrate:  chemical,  usually  a  biogenic  macromolecule,  that  serves  as  a  reactant 
in  biochemical  transformation  processes. 

Van  der  Waal  s/London  forces:  relatively  weak  electrostatic  attraction  between 
atoms  and  molecules  arising  from  fluctuations  in  their  electron  distributions 
as  the  electrons  circulate  in  their  orbitals. 


4 


EEDP-01-20 
August  1989 


Bibliography 


Fugacity  (1-12) 

1  Dexter,  R.  N.  and  Pavlou,  S.  P.  1978.  “Distribution  of  Stable  Organic  Molecules  in  the  Marine  Environment:  Physical 
Chemical  Aspects;  Chlorinated  Hydrocarbons,”  Marine  Chemistry,  Vol  7,  pp  67-84. 

2  Mackay,  D.,  and  Paterson,  S.  1981.  “Calculating  Fugacity,”  Environmental  Science  &  Technology,  Vol  15,  No.  9, 
pp  1006-1014. 

3  Mackay,  D.,  and  Paterson,  S.  1982.  “Fugacity  Revisited,”  Environmental  Science  &  Technology,  Vol  16,  No.  12, 
pp  654A-660A. 

4  Mackay,  D.,  Joy,  M.,  and  Paterson,  S.  1983.  “A  Quantitative  Water,  Air,  Sediment  Interaction  (QWASI)  Fugacity 
Model  for  Describing  the  Fate  of  Chemicals  In  Lakes,”  Chemosphere,  Vol  12,  No.  7/8,  pp  981-997. 

5  Mackay,  D.,  Paterson,  S.,  and  Cheung,  B.  1985.  “Evaluating  the  Environmental  Fate  of  Chemicals,  The  Fugacity-Level 
III  Approach  as  Applied  to  2, 3, 7, 8  TCDD,”  Chemosphere,  Vol  14,  No.  6/7,  pp  859-863. 

6  McFarland,  V.  A.  1984.  “Activity-Based  Evaluation  of  Potential  Bioaccumulation  from  Sediments,”  In:  Dredging  and 
Dredged  Material  Disposal,  Raymond  L.  Montgomery  and  Jamie  W.  Leach,  Editors,  American  Society  of  Civil  Engi¬ 
neers,  New  York,  Vol  1,  pp  461-466. 

7  Paterson,  S.,  and  Mackay,  D.  1987.  “A  Steady-State  Fugacity-Based  Pharmacokinetic  Model  with  Simultaneous  Mul¬ 
tiple  Exposure  Routes,”  Environmental  Toxicology  and  Chemistry,  Vol  6,  No.  5,  pp  395-408. 

8  Pavlou,  S.  P.  1980.  “Thermodynamic  Aspects  of  Equilibrium  Sorption  of  Persistent  Organic  Molecules  at  the 
Sediment-Seawater  Interface:  A  Framework  for  Predicting  Distributions  in  the  Aquatic  Environment,”  In:  Contam¬ 
inants  and  Sediments,  Robert  A.  Baker,  Editor,  Ann  Arbor  Science  Publishing,  Inc.,  Michigan,  Vol  2,  pp  323-332. 

9  Pavlou,  S.  P.  and  Dexter,  R.  N.  1979.  "Distribution  of  Polychlorinated  Biphenyls  (PCB)  in  the  Estuarine  Ecosystems, 
Testing  the  Concept  of  Equilibrium  Partitioning  in  the  Marine  Environment,”  Environmental  Science  &  Technology, 
Vol  13,  No.  1,  pp  65-70. 

10  Pavlou,  S.  P.,  and  Dexter,  R.  N.  1979.  “Physical  and  Chemical  Aspects  of  the  Distribution  of  Polychlorinated 
Biphenyls  in  the  Aquatic  Environment,”  Aquatic  Toxicology,  pp  195-211. 

11  Prausnitz,  J.  M.  1969.  Molecular  Thermodynamics  of  Fluid  Phase  Equilibria,  Prentice-Hall,  Englewood  Cliffs,  NJ. 

12  Reuber,  B.,  MacKay,  D.,  Paterson,  S.,  and  Stokes,  P.  1987.  “A  Discussion  of  Chemical  Equilibria  and  Transport 
at  the  Sediment-Water  Interface,”  Environmental  Toxicology  and  Chemistry,  Vol  6,  pp  731-739, 

Hydrophobicity  (13-18) 

13  Lyman,  Warren  J.,  Reehl,  William  F.,  and  Rosenblatt,  David  H.,  Editors.  1982.  Handbook  of  Chemical  Property  Esti¬ 
mation  Methods,  McGraw-Hill,  New  York. 

14  Gobas,  F.  A.  P.  C.,  and  Mackay,  D.  1987.  “Dynamics  of  Hydrophobic  Organic  Chemical  Bioconcentration  in  Fish,” 
Environmental  Toxicology  and  Chemistry,  Vol  6,  No.  7,  pp  495-504. 

15  Hamaker,  J.  W.,  and  Thompson,  J.  M.  1972.  “Adsorption,”  In:  Organic  Chemicals  in  the  Soil  Environment,  Vol  1, 
Cleve  A.  I.  Goring  and  John  W.  Hamaker,  Editors,  Marcel  Dekker,  Inc.,  New  York,  pp  49-143. 

16  Horne,  R.  A.  1978.  “Effect  of  Structure  and  Physical  Characteristics  of  Water  on  Water  Chemistry,”  In:  The  Chemistry 
of  Our  Environment,  R,  A.  Horne,  Editor,  Wiley  Interscience,  London,  England,  pp  915-947. 

17  Opperhuizen,  O.,  and  Stokkel,  R.  C.  A.  M.  1988.  “Influence  of  Contaminated  Particles  on  the  Bioaccumulation  of 
Hydrophobic  Organic  Micropollutants  in  Fish,”  Environmental  Pollution,  Vol  51,  pp  165-177. 

18  Wolfenden,  R.  1983.  “Waterlogged  Molecules,”  Science,  Vol  222,  No.  4628,  pp  1087-1093. 

Solubility  (13,  19-24) 

19  Abernathy,  S.,  Bobra,  A.  M.,  Shiu,  W.  Y.,  Wells,  P.  G.,  and  Mackay,  D,  1986.  “Acute  Lethal  Toxicity  of  Hydrocarbons 
and  Chlorinated  Hydrocarbons  to  Two  Planktonic  Crustaceans:  The  Key  Role  of  Organism-Water  Partitioning,” 
Aquatic  Toxicology,  Vol  8,  pp  163-174. 

20  Miller,  M.  M.,  Wasik,  S.  P.,  Huang,  G.-L.,  Shiu,  W.-Y.,  and  Mackay,  D.  1985.  "Relationships  between  Octanol-Water 
Partition  Coefficient  and  Aqueous  Solubility,”  Environmental  Science  &  Technology,  Vol  19,  No.  6,  pp  522-529. 

21  Schoor,  W.  P.  1975.  “Problems  Associated  with  Low-Solubility  Compounds  in  Aquatic  Toxicity  Tests:  Theoretical 
Model  and  Solubility  Characteristics  of  Aroclor  1254  in  Water,”  Water  Research,  Vol  9,  pp  937-944. 


5 


22  Valvani,  S.  C.,  Yalkowsky,  S.  H.,  and  Roseman.  T.  J.  1981.  “Solubility  and  Partitioning  IV:  Aqueous  Solubility  and 
Octanol-Water  Partition  Coefficients  of  Liquid  Nonelectrolytes,”  Journal  of  Pharmaceutical  Sciences,  Vol  70, 
No.  5,  pp  502-507. 

23  \A/asik,  S.  P.,  Miller,  M.  M.,  Tewari,  Y.  B.,  May,  W.  E.,  Sonnefeld,  W.  J.,  DeVoe,  H.,  and  Zoller,  W/.  H.  1983. 
“Determination  of  the  Vapor  Pressure,  Aqueous  Solubility,  and  Octanol/Water  Partition  Coefficient  of  Hydrophobic 
Substances  by  Coupled  Generator  Column/Liquid  Chromatographic  Methods,”  In:  Residue  Reviews,  Francis  A. 
Gunther  and  Jane  Davies  Gunther,  Editors,  Vol  85,  Springer-Verlag,  New  York,  pp  29-42. 

24  Yalkowsky,  S.  H.,  Valvani,  S.  C.,  and  Mackay,  D.  1983.  “Estimation  of  the  Aqueous  Solubility  of  Some  Aromatic 
Compounds,"  \n:  Residue  Reviews,  Francis  A.  Gunther  and  Jane  Davies  Gunther,  Editors,  Vol  85,  Springer-Verlag, 
New  York,  pp  43-55. 

Stability  (25-30) 

25  Ballschmiter,  K.,  Zell,  M.,  and  Neu,  H.  J.  1978.  “Persistence  of  PCB’s  in  the  Ecosphere,  Will  Some  PCB-Components 
“Never”  Degrade?,”  Chemosphere,  No.  2,  pp  173-176. 

26  Eichelberger,  J.  W.,  and  Lichtenberg,  J.  J.  1971.  “Persistence  of  Pesticides  in  River  Water,”  Environmental  Science 
&  Technology,  Vol  5,  No.  6,  pp  541-544. 

27  Langston,  W.  J.  1978.  “Persistence  of  Polychlorinated  Biphenyls  in  Marine  Bivalves,”  Marine  Biology,  Vol  46, 
pp  35-40. 

28  Pavlou,  S.  P.  1980.  “Thermodynamic  Aspects  of  Equilibrium  Sorption  of  Persistent  Organic  Molecules  at  the 
Sediment-Seawater  Interface:  A  Framework  for  Predicting  Distributions  in  the  Aquatic  Environment,”  In:  Contam¬ 
inants  and  Sediments,  Robert  A.  Baker,  Editor,  Ann  Arbor  Science  Publishing,  Michigan,  Vol  2,  pp  324-332. 

29  Wilson,  A.  J.,  and  Forester,  J.  1978.  “Persistence  of  Aroclor  1254  in  a  Contaminated  Estuary,”  Bulletin  of  Environ¬ 
mental  Contamination  and  Toxicology,  Vol  19,  pp  637-640. 

30  Young,  D.  R.,  McDermott-Ehrlich,  D.,  and  Heesen,  T.  C.  1977.  “Sediments  as  Sources  of  DDT  and  PCB,”  Marine 
Pollution  Bulletin,  Vol  8,  No.  -11,  pp  254-257. 

Stereochemistry  (14,  31-42) 

31  Deneer,  J.  W.,  Sinnige,  T.  L.,  Seinen,  W.,  and  Mermens,  J.  L.  M.  1987.  “Quantitative  Structure-Activity  Relationships 
for  the  Toxicity  and  Bioconcentration  Factor  of  Derivatives  Towards  the  Guppy  (Poecilia  reticulate),"  Aquatic  Tox- 
icology,  Vol  10,  pp  115-129. 

32  Govers,  H.,  Ruepert,  C.,  and  Aiking,  H.  1984.  “Quantitative  Structure-Activity  Relationships  for  Polycyclic  Aromatic 
Hydrocarbons:  Correlation  Between  Molecular  Connectivity,  Physico-Chemical  Properties,  Bioconcentration  and 
Toxicity  in  Daphnia  pulex,"  Chemosphere,  Vol  13.  No.  2,  pp  227. 

33  Lambert,  S.  M.  1967.  “Functional  Relationship  Between  Sorption  in  Soil  and  Chemical  Structure,”  Journal  of  Agri¬ 
cultural  and  Food  Chemistry,  Vol  15,  No.  4,  pp  572-576. 

34  Lipnick,  R.  L.  1985.  "A  Perspective  on  Quantitative  Structure-Activity  Relationships  in  Ecotoxicology,”  Environmental 
Toxicology  and  Chemistry,  Vol  4,  pp  255-257. 

35  Nirmalakhandan,  N.,  and  Speece,  R.  E.  1988.  “Structure-Activity  Relationships:  Quantitative  Techniques  for  Predict¬ 
ing  the  Behavior  of  Chemicals  in  the  Ecosystem,”  Environmentai  Science  &  Technoiogy,  Vol  22,  No.  6,  pp  606-615. 

36  Opperhuizen,  A.,  van  der  Velde,  E.  W.,  Gobas,  F.  A.  P.  C..  Liem,  D.  A.  K.,  and  van  der  Steen,  J.  M.  D.  1985. 

“Relationship  Between  Bioconcentration  in  Fish  and  Steric  Factors  of  Hydrophobic  Chemicals,”  Chemosphere, 

Vol  14,  No.  11/12,  pp  1871-1896. 

37  Sabijic,  A.,  and  Protic,  M.  1982.  “Molecular  Connectivity:  A  Novel  Method  for  Prediction  of  Bioconcentration  Factor 
of  Hazardous  Chemicals,”  Chemicai-Biologicai  Interactions,  Vol  42,  pp  301-310. 

38  Safe,  S.,  Bandiera,  S.,  Sawyer,  T..  Robertson,  L.,  Safe,  L.,  Parkinson,  A.,  Thomas.  P.  E.,  Ryan,  D.  E.,  Reik,  L.  M., 

Leviii,  W.,  Denomme,  M.  A.,  and  Fujita,  T.  1985.  “PCBs:  Structure-Function  Relationships  and  Mechanisms  of 

Action,”  Environmentai  Health  Perspectives,  Vol  60.  pp  47-56. 

39  Shaw,  G.  R.,  and  Connell,  D.  W.  1984.  “Physicochemical  Properties  Controlling  Polychlorinated  Biphenyl  (PCB) 
Concentrations  in  Aquatic  Qrganisms,”  Environmental  Science  &  Technology,  Vol  18,  No.  1,  pp  18-23. 

40  Stalling,  D.  L,  Huckins,  J.  N.,  Petty,  J.  D.,  Johnson,  J.  L.,  and  Sanders,  H.  O.  1979.  “An  Expanded  Approach  to 
the  Study  and  Measurement  of  PCBs  and  Selected  Planar  Halogenated  Aromatic  Environmental  Pollutants,”  Annals 
of  the  New  York  Academy  of  Sciences,  Vol  320,  pp  48-59. 

41  Veith,  G.  D.,  DeFoe,  D.  L.,  and  Bergstedt,  B.  V.  1979.  “Measuring  and  Estimating  the  Bioconcentration  Factor  of 
Chemicals  in  Fish,"  Journai,  Fisheries  Research  Board  of  Canada,  Vol  36,  pp  1040-1048. 


6 


EEDP-01-20 
August  1989 


42  Zaroogian,  G.  E.,  Heltshe,  J.  F.,  and  Johnson,  M.  1985.  “Estimation  of  Bioconcentration  in  Marine  Species  Using 
Structure-Activity  Models,”  Environmental  Toxicology  and  Chemistry,  Vol  4,  No.  1,  pp  3-12. 

Eh  and  pH  (43-46) 

43  Adams,  T.  M.  1985.  “The  Effect  of  pH  on  the  Uptake  of  Zinc,  Copper  and  Nickel  from  Chloride  Solutions  by  an 
Uncontaminated  Sewage  Sludge,"  Environmental  Pollution  (Series  B),  Vol  9,  pp  151-161. 

44  Hermann,  R.,  and  Neumann-Mahikau,  P.  1985.  “The  Mobility  of  Zinc,  Cadmium,  Copper,  Lead,  Iron  and  Arse¬ 
nic  in  Ground  Water  as  a  Function  of  Redox  Potential  and  pH,”  The  Science  of  the  Total  Environment, 
Vol  43,  pp  1-12. 

45  Patrick,  W.  H.,  Jr.,  Gambreil,  R.  P.,  and  Khalid,  R.  A.  1977.  “Physicochemical  Factors  Regulating  Solubility  and 
Bioavailability  of  Toxic  Heavy  Metals  In  Contaminated  Dredged  Sediment,”  Journal  of  Environmental  Science  and 
Health;  Part  A— Environmental  Scienceand  Engineering,  Vol  12,  No.  9,  pp  475-492. 

46  Zierath,  D.  L.,  Hassett,  J.,  and  Banwart,  W.  L.  1980.  “Sorption  of  Benzidine  by  Sediments  and  Soils,”  Soil  Science, 
Vol  129,  No.  5,  pp  277281. 

Hydrous  ferric  and  manganese  oxides  (45,  47-55) 

47  Bails,  P.  W.  1986.  “Composition  of  Suspended  Particulate  Matter  From  Scottish  Coastal  Waters  -  Geochemical 
Implications  for  the  Transport  of  Trace  Metal  Contaminants,”  The  Science  of  the  Total  Environment,  Vol  57, 
pp  171-180. 

48  Hem,  J.  D.  1977.  “Reactions  of  Metal  Ions  at  Surfaces  of  Hydrous  Iron  Oxide,”  Geochemica  et  Cosmochimica  Acta, 
Vol  41,  pp  527-538. 

49  Jenne,  E.  A.  1968.  “Controls  on  Mn,  Fe,  Co,  Ni,  Cu,  and  Zn  Concentrations  in  Soils  and  Water:  the  Significant 
Role  of  Hydrous  Mn  and  Fe  Oxides,”  In:  Trace  Inorganics  in  Water,  Advances  in  Chemistry  Series,  Robert  F.  Gould, 
Editor,  American  Chemical  Society  Publication,  pp  337-387. 

50  Jenne,  E.  A.  1977.  “Trace  Element  Sorption  by  Sediments  and  Soils— Sites  and  Processes,”  Symposium  on 
Molybdenum  in  the  Environment,  W.  Chappel  and  K.  Petersen,  Editors,  Marcel  Dekker,  Inc.,  New  York, 
Vol  2,  pp  425-552. 

51  Laxen,  D.  P.  H.  1985.  "Trace  Metal  Adsorption/Coprecipitation  on  Hydrous  Ferric  Oxide  under  Realistic  Conditions,” 
Water  Research,  Vol  19,  No.  10,  pp  1229-1236. 

52  Lion,  L.  W.,  Altmann,  R.  S.,  and  Leckie,  J.  0.  1982.  “Trace-Metal  Adsorption  Characteristics  of  Estuarine  Particulate 
Matter:  Evaluation  of  Contributions  of  Fe/Mn  Oxide  and  Organic  Surface  Coatings,”  Environmental  Science  &  Tech- 
nology,  Vol  16,  No,  10,  pp  660-666. 

53  Loganathan,  P.,  and  Burau,  R.  G.  1973.  "Sorption  of  Heavy  Metal  Ions  by  a  Hydrous  Manganese  Oxide,”  Geochemica 
et  Cosmochimica  Acta,  Vol  37,  pp  1277-1293. 

54  Stauffer,  T.  B.,  and  MacIntyre,  W.  G.  1986.  “Sorption  of  Low-Polarity  Organic  Compounds  on  Oxide  Minerals  and 
Aquifer  Material,”  Environmental  Toxicology  and  Chemistry,  Vol  5,  No.  11,  pp  949-955. 

55  Swallow,  K.  C.,  Hume,  D.  N.,  and  Morel,  F.  M.  M.  1980.  “Sorption  of  Copper  and  Lead  by  Hydrous  Ferric  Oxide,” 
Environmental  Science  &  Technology,  Vol  14,  No.  11,  pp  1326-1331. 

Kinetics  of  adsorption/desorption  (56-65) 

56  Ellgehausen,  H.,  Guth,  J.  A„  and  Esser,  H.  0. 1979.  “Factors  Determining  the  Bioaccumulation  Potential  of  Pesticides 
in  the  Individual  Compartments  of  Aquatic  Food  Chains."  4th  International  Congress  Pesticide  Chemistry  (lUPAC), 
Zurich,  July  24-28,  1978,  pp  134-157. 

57  Hassett,  J.  J.,  Banwart,  W.  L.,  Wood,  S.  G.,  Means,  J.  C.  1981.  “Sorption  of  a-Naphtol:  Implications  Concerning 
the  Limits  of  Hydrophobic  Sorption,”  Soil  Science  Society  of  America  Journal,  Vol  45,  No.  1,  pp  38-42. 

58  Karickhoff,  S.  W.  1980.  “Sorption  Kinetics  of  Hydrophobic  Pollutants  in  Natural  Sediments,”  In:  Contaminants  and 
Sediments,  Robert  A.  Baker,  Editor,  Ann  Arbor  Science  Publishing,  Michigan,  Vol  2,  pp  193-205. 

59  Karickhoff,  S.  W.  1981.  “Semi-Empirical  Estimation  of  Sorption  of  Hydrophobic  Pollutants  on  Natural  Sediments 
and  Soils,”  Chemosphere,  Vol  10,  No.  8,  pp  833-846. 

60  Karickhoff,  S.  W.,  and  Morris,  K.  R.  1985.  “Sorption  Dynamics  of  Hydrophobic  Pollutants  in  Sediment  Suspensions,” 
Environmental  Toxicology  and  Chemistry,  Vol  4,  No.  4,  pp  469-479. 

61  Nau-Ritter,  G.  M.,  and  Wurster,  C.  F.  1983.  “Sorption  of  Polychlorinated  Biphenyls  (PCB)  to  Clay  Particulates  and 
Effects  of  Desorption  on  Phytoplankton,”  Wafer  Research,  Vol  17,  No.  3,  pp  383-387. 


7 


62  Voice,  T.  C.,  and  Weber,  W.  J.,  Jr.  1983.  “Sorption  of  Hydrophobic  Compounds  by  Sediments,  Soils  and  Suspended 
Solids  I:  Theory  and  Background,”  Water  Research,  Vol  17,  No.  10,  pp  1433-1441. 

63  Weber,  W.  J.,  Jr.,  Voice,  T.  C.,  Pirbazari,  M.,  Hunt,  G.  E.,  and  Ulanoff,  D.  M.  1983.  “Sorption  of  Hydrophobic  Com¬ 
pounds  by  Sediments,  Soils  and  Suspended  Solids  II;  Sorbent  Evaluation  Studies,”  Water  Research,  Vol  17, 
No.  10,  pp  1443-1452. 

64  Wu,  S.-C.,  and  Gschwend,  P.  M.  1986.  “Sorption  Kinetics  of  Hydrophobic  Organic  Compounds  to  Natural  Sediments 
and  Soils,”  Environmental  Science  &  Technology,  Vol  20,  No.  7,  pp  717-725. 

65  Young,  T.  C.,  DePinto,  J.  V.,  and  Kipp,  T.  W.  1987.  “Adsorption  and  Desorption  of  Zn,  Cu,  and  Cr  by  Sediments 
from  the  Raisin  River  (Michigan),”  Journal  of  Great  Lakes  Research,  Vol  13,  No.  3,  pp  353-366. 

Oil  and  grease  (66-69) 

66  DiSalvo,  L.  H.,  Gurd,  H.  E.,  Hirsch,  N.  D.,  and  Ng,  J.  1977.  “Assessment  and  Significance  of  Sediment-Associated 
Oii  and  Grease  in  Aquatic  Environments,”  Technical  Report  D-77-26,  US  Army  Engineer  Waterways  Experiment 
Station,  Vicksburg,  MS. 

67  Hoeppel,  R.  E.,  Myers,  T.  E.,  and  Engler,  R.  M.  1978.  “Physical  and  Chemical  Characterization  of  Dredged  Material 
Influents  and  Effluents  in  Confined  Land  Disposal  Areas,”  Technical  Report  D-78-24,  US  Army  Engineer  Waterways 
Experiment  Station,  Vicksburg,  MS. 

68  Meier,  P.  G.,  and  Rediske,  R.  1979.  "The  Effect  of  Sediment  Oil  Contamination  on  the  Bioaccumulation  and  Excretion 
of  Aroclor  1242  by  Chironomid  Larvae,”  Michigan  Sea  Grant  Program,  pp  1-15. 

69  Meier,  P.  G.,  and  Rediske,  R.  R.  1984.  “Oil  and  PCB  Interactions  on  the  Uptake  and  Excretion  in  Midges,"  Bulletin 
of  Environmental  Contamination  and  Toxicology,  Vol  33,  pp  225-232. 

Particle  interactions  (70-75) 

70  Di  Toro,  D.  M.,  Mahony,  J.  D.,  Kirchgraber,  P.  R.,  O’Byrne,  A.  L..  Pasquale,  L.  R.,  and  Piccirilli,  D.  C.  1986.  “Effects 
of  Nonreversibility,  Particle  Concentration,  and  Ionic  Strength  on  Heavy  Metal  Sorption,”  Environmental  Science 
&  Technology,  Vol  20,  No.  1,  pp  55-61. 

71  Horzempa,  L.  M.,  and  Di  Toro,  D.  M.  1983.  “PCB  Partitioning  in  Sediment-Water  Systems:  The  Effect  of  Sediment 
Concentration,”  Journal  of  Environmental  Quality,  Vol  12,  No.  3,  pp  373-380. 

72  Mackay,  D.,  and  Powers,  B.  1987.  “Sorption  of  Hydrophobic  Chemicals  from  Water:  A  Hypothesis  for  the  Mechanism 
of  the  Particle  Concentration  Effect,”  Chemosphere,  Vol  16,  No.  4,  pp  745-757. 

73  O’Connor,  D,  J.,  and  Connoly,  J.  P.  1980.  "The  Effect  of  Concentration  of  Adsorbing  Solids  on  the  Partition 
Coefficient,”  Wafer  Research,  Vbl  14,  pp  1517-1523. 

74  Voice,  T.  C.,  Rice,  C.  P.,  and  Weber,  W.  J..  Jr.  1983.  “Effect  of  Solids  Concentration  on  the  Sorptive  Partitioning 
of  Hydrophobic  Pollutants  in  Aquatic  Systems,”  Environmental  Science  &  Technology,  Vol  17,  No.  9,  pp  513-517. 

75  Voice,  T.  C.,  and  Weber,  W.  J.,  Jr.  1985.  “Sorbent  Concentration  Effects  in  Liquid/Solid  Partitioning,”  Environmental 
Science  &  Technology,  Vol  19,  No.  9,  pp  789-796. 

Sediment  organic  carbon  (62-63,  76-91) 

76  Adams,  R.  S.,  Jr.,  and  Li,  P.  1971.  “Soil  Properties  Influencing  Sorption  and  Desorption  of  Lindane,”  Soil  Science 
Society  of  America  Proceedings,  Vol  35,  pp  78-81. 

T1  Banwart,  W.  L.,  Hassett,  J.  J.,  Wood,  S.  G.,  and  Means,  J.  C.  1982.  “Sorption  of  Nitrogen-Heterocyclic  Compounds 
by  Soils  and  Sediments,”  Soil  Science,  Vol  133,  No.  1,  pp  42-47. 

78  Briggs,  G.  G.  1973.  “A  Simple  Relationship  Between  Soil  Adsorption  of  Organic  Chemicals  and  Their  Octanol/Water 
Partition  Coefficients,”  In:  Proceedings,  7th  British  Insecticide  and  Fungicide  Conference,  Brighton,  England,  19-22 
November,  1973,  British  Crop  Protection  Council,  London,  Vol  11,  pp  1-87. 

79  Brown,  D.  S.,  and  Flagg,  E.  W.  1981.  “Empirical  Prediction  of  Organic  Pollutant  Sorption  in  Natural  Sediments,” 
Journal  of  Environmental  Quality,  Vol  10,  No.  3,  pp  382-386. 

80  Connor,  M.  S.  1984.  "FIsh/Sediment  Concentration  Ratios  for  Organic  Compounds,”  Environmental  Science  &  Tech- 
noiogy,  Voi  18,  pp  31-35. 

81  Foster,  G.  D.,  Baksi,  S.  M.,  and  Means,  J.  C.  1987.  “Bioaccumulation  of  Trace  Organic  Contaminants  from  Sediment 
by  Baltic  Clams  {Macoma  balthica)  and  soft-shell  clams  {Mya  arenaria),"  Environmental  Toxicology  and  Chemistry, 
Vol  6,  No.  12,  pp  969-976. 

82  GerstI,  Z.,  and  Mingelgrin,  U.  1984.  “Sorption  of  Organic  Substances  by  Soils  and  Sediments,”  Journal  of  Envi¬ 
ronmental  Science  and  Health,  Part  A— Environmental  Science  and  Engineering, 'Jo\  19,  No.  3,  pp  297-312. 


8 


EEDP-01-20 
August  1989 


83  Haque,  R.,  and  Schmedding,  D.  1976.  “Studies  on  the  Adsorption  of  Selected  Polychlorinated  Biphenyl  Isomers 
on  Several  Surfaces,”  Journal  of  Environmental  Science  and  Health,  Part  B — Pesticides,  Food  Contaminants,  and 
Agricuitural  Wastes,  Vol  11,  No.  2,  pp  129-137. 

84  Hiraizumi,  Y.,  Takahashi,  M.,  and  Nishimura,  H.  1979.  “Adsorption  of  Polychlorinated  Biphenyl  onto  Sea  Bed  Sed¬ 
iment,  Marine  Plankton,  and  Other  Adsorbing  Agents,"  Environmental  Science  &  Technology,  Vol  13,  No.  5, 
pp  580-584. 

85  Karickhoff,  S.  W.,  Brown,  D.  S.,  and  Scott,  T.  A.  1979.  “Sorption  of  Hydrophobic  Pollutants  on  Natural  Sediments,” 
Water  Research,  Vol  13,  No.  3,  pp  241-248. 

86  Lambert,  S.  M.,  Porter,  P.  E.,  and  Schieferstein,  R.  H.  1965.  “Movement  and  Sorption  of  Chemicals  Applied  to  the 
Soil,”  Weeds,  Vol  13,  pp  185-190. 

87  McElroy,  A.  E.,  and  Means,  J.  C.  1988.  “Factors  Affecting  the  Bioavailability  of  Hexachlorobiphenyls  to  Benthic 
Organisms,”  In:  Aquatic  Toxicoiogy  and  Hazard  Assessment,  10th  Volume,  ASTM  STP  971,  \W.  J.  Adams,  G.  A. 
Chapman,  and  W.  G.  Landis,  Editors,  American  Society  for  Testing  and  Materials,  Philadelphia,  pp  149- 
158. 

88  McFarland,  V.  A.  1984.  “Activity-Based  Evaluation  of  Potential  Bioaccumulation  from  Sediments,”  In:  Dredging  and 
Dredged  Material  Disposal,  Raymond  L.  Montgomery  and  Jamie  W.  Leach,  Editors,  American  Society  of  Civil  Engi¬ 
neers,  New  York,  Vol  1,  pp  461-466. 

89  Means,  J.  C.,  Wood,  S.  G.,  Hassett,  J.  J.,  and  Banwart,  W.  L.  1980.  “Sorption  of  Polynuclear  Aromatic  Hydrocarbons 
by  Sediments  and  Soils,”  Environmental  Science  &  Technology,  Vol  14,  No.  12,  pp  1524-1528. 

90  Means,  J.  C.,  Wood,  S.  G.,  Hassett,  J.  J.,  and  Banwart,  W.  L.  1982.  “Sorption  of  Amino-  and  Carboxy-Substituted 
Polynuclear  Aromatic  Hydrocarbons  by  Sediments  and  Soils,”  Environmental  Science  &  Technology,  Vol  16, 
No.  2,  pp  93-97. 

91  Rubinstein,  N.  I.,  Lores,  E.,  and  Gregory,  N.  R.  1983.  "Accumulation  of  PCBs,  Mercury,  and  Cadmium  by  Nereis 
Virens,  Mercenaria  mercenaria  and  Paiaemonetes  pugio  from  Contaminated  Harbor  Sediment,”  Aquatic  Toxicoiogy, 
Vol  3,  pp  249-260. 

Sediment  particle  size  (85,  92-94) 

92  DeWitt,  T.  W.,  Ditsworth,  G.  R.,  and  Swartz,  R.  C.  1988.  “Effects  of  Natural  Sediment  Features  on  Survival  of  the 
Phoxocephalid  Amphipod,  Rhepoxynius  abronius,"  Marine  Environmental  Research,  Vol  25,  pp  99-124. 

93  Frank,  A.  P.,  Landrum,  P.  F.,  and  Eadie,  B.  J.  1986.  “Polycyclic  Aromatic  Hydrocarbon  Rates  of  Uptake,  Depuration, 
and  Biotransformation  by  Lake  Michigan  Stylodrilus  heringianus,"  Chemosphere,  Vol  15,  No.  3,  pp  317-330. 

94  Plesha,  P.  D.,  Stein,  J.  E.,  Schiewe,  M.  H.,  McCain,  B.  B.,  and  Varansi,  U.  1988.  “Toxicity  of  Marine  Sediments 
Supplemented  with  Mixtures  of  Selected  Chlorinated  and  Aromatic  Hydrocarbons  to  the  Infaunal  Amphipod  Rhe¬ 
poxynius  abronius,"  Marine  Environmental  Research,  Vol  25,  pp  85-97. 

Sediment  suspension  (95-104) 

95  Brown,  M.  P.  1981.  “PCB  Desorption  from  River  Sediments  Suspended  during  Dredging:  An  Analytical  Framework,” 
New  York  State  Department  of  Environmental  Conservation,  Technical  Paper  No,  65,  pp  1-28. 

96  Eaton,  J.  G.,  Mattson,  V.  R.,  Mueller,  L,  H.,  and  Tanner,  D.  K.  1983.  “Effects  of  Suspended  Clay  on  Bioconcentration 
of  Kelthane  in  Fathead  Minnows,”  Archives  of  Environmental  Contamination  and  Toxicoiogy,  Vol  12,  pp  439- 
445. 

97  Hall,  W.  S.,  Dickson,  K.  L.,  Saleh,  F.  Y.,  and  Rodgers,  J.  H.,  Jr.  1986.  “Effects  of  Suspended  Solids  on  the  Bioa¬ 
vailability  of  Chlordane  to  Daphnia  magna,"  Archives  of  Environmentai  Contamination  and  Toxicoiogy,  Vol  15, 
pp  529-534. 

98  Lindberg,  S.  E.,  and  Harriss,  R.  C.  1977.  “Release  of  Mercury  and  Crganics  from  Resuspended  Near-shore  Sed¬ 
iments,”  Journal,  Water  Pollution  Control  Federation,  Vol  49,  No.  12,  pp  2479-2487. 

99  Luther,  G.  W.,  Ill,  Wilk,  Z.,  Ryans,  R.  A.,  and  Meyerson,  A.  L.  1986.  “Cn  the  Speciation  of  Metals  in  the  Water 
Column  of  a  Polluted  Estuary,”  Marine  Pollution  Bulletin,  Vol  17,  No.  12,  pp  535-542. 

100  Mcliroy,  L.  M.,  DePinto,  J.  V.,  Young,  T.  C.,  and  Martin,  S.  C.  1986.  “Partitioning  of  Heavy  Metals  to  Suspended 
Solids  of  the  Flint  River,  Michigan,”  Environmental  Toxicology  and  Chemistry,  Vol  5,  No.  7,  pp  609-623. 

101  Rice,  C.  P.,  and  White,  D.  S.  1987.  “PCB  Availability  Assessment  of  River  Dredging  Using  Caged  Clams  and  Fish,” 
Environmentai  Toxicoiogy  and  Chemistry,  Vol  6,  No.  4,  pp  259-274. 

102  Salim,  R.  1983.  “Adsorption  of  Lead  on  the  Suspended  Particles  of  River  Water,”  Wafer  Research,  Vol  17,  No.  4, 
pp  423-429. 


9 


103  Strobel,  C.  J.,  Croonenberghs,  R.  E.,  and  Huggett,  R.  J.  1981.  ‘‘The  Suspended  Sediment-Water  Partitioning  Coef¬ 
ficient  for  Kepone  in  the  James  River,  Virginia,”  Environmental  Pollution  Series  B,  Voi  2,  pp  367-372. 

104  Staples,  C.  A.,  Dickson,  K.  L.,  Rodgers,  J.  H.,  Jr.,  and  Saleh,  F.  Y.  1985.  “A  Model  for  Predicting  the  Influence 
of  Suspended  Sediments  on  the  Bioavaiiability  of  Neutral  Organic  Chemicals  in  the  Water  Compartment,”  In:  Aquatic 
Toxicology  and  Hazard  Assessment:  Seventh  Symposium,  ASTM  STP  854,  R.  D.  Cardwell,  R.  Purdy,  and  R.  C. 
Bahner,  Eds.,  American  Society  for  Testing  and  Materials,  Philadelphia,  pp  417-428. 

Dissolved  organic  carbon  (105-119) 

105  Baker,  J.  E.,  Capel,  P.  D.,  Eisenreich,  S.  J.  1986.  ‘‘Influence  of  Colloids  on  Sediment-Water  Partition  Coefficients 
of  Polychlorobiphenyl  Congeners  in  Natural  Waters,”  Environmental  Science  &  Technology,  Vol  20,  No.  11, 
pp  1136-1143. 

106  Carlberg,  G.  E.,  Martinsen,  K.,  Kringstad,  A.,  Gjessing,  E.,  Grande,  M.,  Kallqvist,  T.,  and  Skare,  J.  U.  1986.  “Influence 
of  Aquatic  Humus  on  the  Bioavaiiability  of  Chlorinated  Micropollutants  in  Atlantic  Salmon,”  Archives  of  Environ¬ 
mental  Contamination  and  Toxicology,  Vol  15,  pp  543-548. 

107  Caron,  G.,  Suffet,  T.  H.,  and  Belton,  T.  1985.  "Effect  of  Dissolved  Organic  Carbon  on  the  Environmental  Distribution 
of  Nonpolar  Organic  Compounds,”  Chemosphere,  Vol  14,  No.  8,  pp  993-1000. 

108  Chiou,  C.  T.,  Malcolm,  R.  L,  Brinton,  T.  I.,  and  Kile,  D.  E.  1986.  “Water  Solubility  Enhancement  of  Some  Organic 
Pollutants  and  Pesticides  by  Dissolved  Humic  and  Fulvic  Acids,”  Environmental  Science  &  Technology,  Vol  20, 
No.  5,  pp  502-508. 

109  Hassett,  J.  P.,  and  Anderson,  M.  A.  1979.  “Association  of  Hydrophobic  Organic  Compounds  with  Dissolved  Organic 
Matter  in  Aquatic  Systems,"  Environmental  Science  &  Technology,  ^q\  13,  No.  12,  pp  1526-1529. 

110  Hassett,  J.  P.,  and  Anderson,  M.  A.  1982.  “Effects  of  Dissolved  Organic  Matter  on  Adsorption  of  Hydrophobic 
Organic  Compounds  by  River  and  Sewage-Borne  Particles,”  Wafer  Research,  Vol  16,  pp  681-686. 

111  Hassett,  J.  P.,  and  Millicic,  E.  1985.  “Determination  of  Equilibrium  and  Rate  Constants  for  Binding  of  a  Polych¬ 
lorinated  Biphenyl  Congener  by  Dissolved  Humic  Substances,”  Environmental  Science  &  Technology,  Vol  19, 
No.  7,  pp  638-643. 

112  McCarthy,  J.  F.  1983.  “Role  of  Particulate  Organic  Matter  in  Decreasing  Accumulation  of  Polynuclear  Aromatic 
Hydrocarbons  (PAH)  by  Daphnia  magna,”  Archives  of  Environmental  Contamination  and  Toxicology,  Vol  12, 
pp  559-568. 

113  McCarthy,  J,  F.,  and  Jimenez,  B.  D.  1985.  “Reduction  in  Bioavaiiability  to  Bluegills  of  Polycyclic  Aromatic  Hydro¬ 
carbons  Bound  to  Dissolved  Humic  Material,”  Environmental  Toxicology  and  Chemistry,  Vol  4,  No.  4,  pp  511-521. 

114  Means,  J.  C.,  and  Wijayaratne,  R.  1982.  “Role  of  Natural  Colloids  in  the  Transport  of  Hydrophoic  Pollutants,” 
Science,  Vol  219,  pp  968-970, 

115  Thanabalasingam,  P.,  and  Pickering,  W.  F.  1986.  “Arsenic  Sorption  by  Humic  Acids,”  Environmental  Pollution  (Series 
B),  Vol  12,  pp  233-246, 

116  Wijayaratne,  R.  D.,  and  Means,  J,  C.  1984.  “Sorption  of  Polycyclic  Aromatic  Hydrocarbons  by  Natural  Estuarine 
Colloids,”  Marine  Environmental  Research,  Vol  11,  pp  77-89. 

117  Wijayartne,  R.  D.,  and  Means,  J.  C.  1984.  “Affinity  of  Hydrophobic  Pollutants  for  Natural  Estuarine  Colloids  in 
Aquatic  Environments,”  Environmental  Science  &  Technology,  Vol  18,  No.  2,  pp  121-123. 

118  Winner,  R.  W.  1985.  “Bioaccumulation  and  Toxicity  of  Copper  as  Affected  by  Interactions  Between  Humic  Acid 
and  Water  and  Water  Hardness,”  Wafer  Research,  Vol  19,  No,  4,  pp  449-455. 

119  Zamuda,  C.  D.,  Wright,  D.  A.,  and  Smucker,  R.  A.  1985.  “The  Importance  of  Dissolved  Organic  Compounds  in 
the  Accumulation  of  Copper  by  the  American  Oyster,”  Marine  Environmental  Research,  Vol  16,  pp  1-12. 

Hardness  (118,  120-124) 

120  Bradley,  R.  W.,  and  Sprague,  J.  B.  1985.  “Accumulation  of  Zinc  by  Rainbow  Trout  as  Influenced  by  pH,  Water 
Hardness  and  Fish  Size,”  Environmental  Toxicology  and  Chemistry,  Vol  4,  pp  685-694. 

121  Gauss,  J.  D.,  Woods,  P.  E.,  Winner,  R.  W.,  and  Skillings,  J.  H.  1985.  “Acute  Toxicity  of  Copper  to  Three  Life  Stages 
of  Chironomus  tentans  as  Affected  by  Water  Hardness-Alkalinity,”  Environmental  Pollution  (Series  A),  Vol  37, 
pp  149-157. 

122  Paulauskis,  J.  D.,  and  Winner,  R.  W.  1988.  “Effects  of  Water  Hardness  and  Humic  Acid  on  Zinc  Toxicity  to  Daphnia 
magna  Straus,”  Aquatic  Toxicology,  Vol  12,  pp  273-290. 

123  Winner,  R.  W.  1986.  “Interactive  Effects  of  Water  Hardness  and  Humic  Acid  on  the  Chronic  Toxicity  of  Cadmium 
to  Daphnia  pulex,"  Aquatic  Toxicology,  Vol  8,  pp  281-293, 


10 


EEDP-01-20 
August  1989 


124  Winner,  R.  W.,  and  Gauss,  J.  D.  1986.  "Relationship  Between  Chronic  Toxicity  and  Bioaccumulation  of  Copper, 
Cadmium  and  Zinc  as  Affected  by  Water  Hardness  and  Humic  Acid,”  Aquatic  Toxicology,  Vol  8,  pp  149-161. 

Salinity  (125-137) 

125  Burton,  J.  D.  1978.  “Chemical  Processes  in  Estuarine  and  Coastal  Waters:  Environmental  and  Analytical  Aspects,” 
The  Institution  of  The  Water  Engineers  and  Scientists,  Vol  32,  No.  1,  pp  31-44. 

126  Dexter,  R.  N.,  and  Pavlou,  S.  P.  1978.  “Mass  Solubility  and  Aqueous  Activity  Coefficients  of  Stable  Organic  Chem¬ 
icals  in  the  Marine  Environment:  Polychlorinated  Biphenyls,”  Marine  Chemistry,  Vol  6,  pp  41-53. 

127  Duursma,  E.,  Nieuwenhuize,  J.,  van  Liere,  J..  and  Hillebrand,  M.  1986.  “Partitioning  of  Organochlorines  Between 
Water,  Particulate  Matter  and  Some  Organisms  in  Estuarine  and  Marine  Systems  of  the  Netherlands,”  Netherlands 
Journal  of  Sea  Research,  Vol  20,  No.  2/3,  pp  239-251. 

128  Frenet,  M.  1981.  “The  Distribution  of  Mercury,  Cadmium  and  Lead  Between  Water  and  Suspended  Matter  in  the 
Loire  Estuary  as  a  Function  of  the  Hydrological  Regime,”  Wafer  Research,  Vol  15,  pp  1343-1350. 

129  Gambrell,  R.  P.,  Khalld,  R.  A.,  and  Patrick,  W.  H.  1980.  “Chemical  Availability  of  Mercury,  Lead,  and  Zinc  in  Mobile 
Bay  Sediment  Suspensions  as  Affected  by  pH  and  Oxidation-Reduction  Conditions,”  Environmental  Science  &  Tech- 
nology,  Vol  14,  No.  4,  pp  431-436. 

130  Hashimoto,  Y.,  Tokura,  K.,  Kishi,  H.,  and  Strachan,  W.  M.  J.  1984.  “Prediction  of  Seawater  Solubility  of  Aromatic 
Compounds,”  Chemosphere,  Vol  13,  No.  8,  pp  881-888. 

131  Johns,  C.,  Luoma,  S.  N.,  and  Elrod,  V.  1988.  “Selenium  Accumulation  in  Benthic  Bivalves  and  Fine  Sediments  of 
San  Francisco  Bay,  the  Sacramento-San  Joaquin  Delta,  and  Selected  Tributaries,"  Estuarine,  Coastal  and  Shelf 
Science,  Vol  27,  pp  381-396. 

132  Kuwabara,  J.  S.,  Chang,  C.  C.  Y.,  Cloern,  J.  E.,  Fries,  T.  L.,  Davis,  J.  A.,  and  Luoma,  S.  N.  “Trace  Metal  Associations 
in  the  Water  Column  of  South  San  Francisco  Bay,  California,”  Estuarine,  Coastal  and  Shelf  Science  (in  preparation). 

133  Martin,  M„  Ichikawa,  G.,  Goetzl,  J.,  de  los  Reyes,  M.,  and  Stephenson,  M.  D.  1984.  "Relationships  Between  Phy¬ 
siological  Stress  and  Trace  Toxic  Substances  in  the  Bay  Mussel,  Mytilus  edulis,  from  San  Francisco  Bay,  California,” 
Marine  Environmental  Research,  Vol  11,  pp  91-110. 

134  Sunda,  W.  G.,  and  Guillard,  R.  R.  L.  1976.  “The  Relationship  Between  Cupric  Ion  Activity  and  the  Toxicity  of  Copper 
to  Phytoplankton,"  Journal  of  Marine  Research,  Vol  34,  pp  511-529. 

135  Tedengren,  M.,  Arner,  M.,  and  Kautsky,  N.  1988.  “Ecophysiology  and  Stress  Response  of  Marine  and  Brackish  Water 
Gammarus  species  (Crustacea,  Amphipoda)  to  Changes  in  Salinity  and  Exposure  to  Cadmium  and  Diesel-Oil,” 
Marine  Ecology  Progress  Series,  Vol  47,  pp  107-116. 

136  Wildish,  D.  J.,  Metcalfe,  C.  D„  Akagi,  H.  M.,  and  McLeese,  D.  W.  1980.  “Flux  of  Aroclor  1254  Between  Estuarine 
Sediments  and  Water,”  Bulletin  of  Environmental  Contamination  and  Toxicology,  Vol  24,  pp  20-26. 

137  Wright,  D.  A.  and  Zamuda,  C.  D.  1987.  “Copper  Accumulation  by  Two  Bivalve  Molluscs:  Salinity  Effect  is  Inde¬ 
pendent  of  Cupric  Ion  Activity,"  Marine  Environmental  Research,  Vol  23,  pp  1-14, 

Biotransformation  (138-148) 

138  Andersson,  T.,  and  Koivusaari,  U.  1986.  “Oxidative  and  Conjugative  Metabolism  of  Xenobiotics  in  Isolated  Liver 
Cells  from  Thermally  Acclimated  Rainbow  Trout,”  Aquatic  Toxicology,  Vol  8,  pp  85-92. 

139  Buhler,  D.  R.,  and  Williams,  D.  E.  1988.  “The  Role  of  Biotransformation  in  the  Toxicity  of  Chemicals,”  Aquatic 
Toxicology,  Vol  11,  pp  19-28. 

140  Kleinow,  K.  M.,  Melancon,  M.  J.,  and  Lech,  J,  J.  1987.  “Biotransformation  and  Induction:  Implications  for  Toxicity, 
Bioaccumulation  and  Monitoring  of  Environmental  Xenobiotics  in  Fish,”  Environmental  Health  Perspectives,  Vol  71, 
pp  105-119. 

141  Landrum,  P.  F.  1982.  “Uptake,  Depuration  and  Biotransformation  of  Anthracene  by  the  Scud  Pontoporeia  hoyi," 
Chemosphere,  Vol  11,  No.  10,  pp  1049-1057. 

142  Murphy,  S.  E.,  Drotar,  A.,  and  Fall,  R.  1982.  “Biotransformation  of  the  Fungicide  Pentachloronitrobenzene  by  Te- 
trahymena  thermophila,"  Chemosphere,  Vol  11,  No.  1,  pp  33-39. 

143  Parsons,  F.,  Lage,  G.  B.,  and  Rice,  R.  1985.  “Biotransformation  of  Chlorinated  Organic  Solvents  in  Static  Micro¬ 
cosms,”  Environmental  Toxicology  and  Chemistry,  Vol  4,  No.  6,  pp  739-742. 

144  Pereira,  W.  E.,  Rostad,  C.  E.,  Updegraff,  D.  M.,  and  Bennett,  J.  L.  1987.  “Fate  and  Movement  of  Azaarenes  and 
Their  Anaerobic  Biotransformation  Products  in  an  Aquifer  Contaminated  by  Wood-Treatment  Chemicals,”  Environ¬ 
mental  Toxicology  and  Chemistry,  Vol  6,  No.  3,  pp  163-176. 


11 


145  Reichert,  W.  L.,  Le  Eberhart,  B.-T.,  and  Varanasi,  U.  1985.  “Exposure  to  Two  Species  of  Deposit-Feeding  Amphipods 
to  Sediment-Associated  [3H]Benzo[a]pyrene:  Uptake,  Metabolism  and  Covalent  Binding  to  Tissue  Macromolecules,” 
Aquatic  Toxicology,  Vol  6,  pp  45-56. 

146  Shiaris,  M.  P.,  and  Sayler,  G.  S.  1982.  “Biotransformation  of  PCB  by  Natural  Assemblages  of  Freshwater  Micro¬ 
organisms,”  Environmental  Science  &  Technology,  Vol  16,  No.  6,  pp  367-369. 

147  Stegeman,  J.  J.  1985.  “Benzo[a]pyrene  Oxidation  and  Microsomal  Enzyme  Activity  in  the  Mussel  (Mytiius  edulis) 
and  other  Bivalve  Mollusc  Species  from  the  Western  North  Atlantic,”  Marine  Biology,  Vol  89,  pp  21-30. 

148  Varanasi,  U.,  Reichert,  W.  L.,  Stein,  J.  E.,  Brown,  D.  W.,  and  Sanborn,  H.  R.  1985.  “Bioavailability  and  Biotrans¬ 
formation  of  Aromatic  Hydrocarbons  in  Benthic  Organisms  Exposed  to  Sediment  from  an  Urban  Estuary,”  Envi¬ 
ronmental  Science  &  Technology,  Vol  19,  No.  9,  pp  836-841. 

Depuration  (149-155) 

149  Cravedi,  J.-P.,  and  Tulliez,  J.  1986.  “Fate  of  a  Hydrocarbon  Pollution  Indicator  in  Fish:  Absorption,  Deposition  and 
Depuration  of  Squalane  in  Salmo  gairdneri  R.,”  Environmental  Pollution  (Series  B),  Vol  42,  pp  247-259. 

150  Goerke,  H.  1984.  “Temperature-Dependent  Elimination  of  2,4,6,2’,4’-Pentachloro[U-^^C]biphenyl  in  Nereis  virens 
(Polychaeta),”  Archives  of  Environmental  Contamination  and  Toxicology,  Vol  13,  pp  347-355. 

151  Gooch,  J.  A.,  and  Hamdy,  M.  K.  1982.  “Depuration  and  Biological  Half-life  of  ’''*C-PCB  in  Aquatic  Organisms,” 
Bulletin  of  Environmental  Contamination  and  Toxicology,  Vol  28,  pp  305-312. 

152  McManus,  G.  B.,  Wyman,  K.  D.,  Peterson,  W.  T..  and  Wurster,  C.  F.  1983.  “Factors  Affecting  the  Elimination  of 
PCBs  in  the  Marine  Copepod  Acartia  tonsa,"  Estuarine,  Coastal  and  Shelf  Science,  Vol  17,  pp  421-430. 

153  Specie,  A.,  and  Hamelink,  J.  L.  1982.  “Alternative  Models  for  Describing  the  Bioconcentration  of  Organics  in  Fish,” 
Environmental  Toxicology  and  Chemistry,  Vol  1,  pp  309-320. 

154  Widdows,  J.,  Moore,  S.  L.,  Clarke,  K.  R.,  and  Donkin,  P.  1983.  “Uptake,  Tissue  Distribution  and  Elimination  of 
[1-^^C]Naphthalene  in  the  Mussel  Mytiius  edulis,"  Marine  Biology,  Vol  76,  pp  109-114. 

155  Zhang,  Y.,  Rott,  B.,  and  Freitag,  D.  1983.  “Accumulation  and  Elimination  of  ''^C-PCBs  by  Daphnia  magna  Straus 
1820,"  Chemosphere,  Vol  12,  No.  11/12,  pp  1645-1651. 

Diet  (56,  93,  156-166) 

156  Dillon,  T.  M.  1982.  “Dietary  Accumulation  of  Dimethyinaphthalene  by  the  Grass  Shrimp  Palaemonetes  pugio  under 
Stable  and  Fluctuating  Temperatures,”  Bulletin  of  Environmental  Contamination  and  Toxicology,  Vol  28,  pp  149-153. 

157  Fisher,  D.  J.,  Clark,  J.  R.,  Roberts,  M.  H.,  Jr.,  Connolly,  J.  P.,  and  Mueller,  L.  H.  1986.  “Bioaccumulation  of  Kepone 
by  Spot  {Leistomus  xanthurus):  Importance  of  Dietary  Accumulation  and  Ingestion  Rate,”  Aquatic  Toxicology, 
Vol  9,  pp  161-178. 

158  Goldstein,  J.  A.,  Hass,  J.  R.,  Linko,  P.,  and  Harvan,  D.  J.  1978.  “2,3,7,8-Tetrachlorodibenzofuran  in  a  Commercially 
Available  99%  Pure  Polychlorinated  Biphenyl  Isomer  Identified  as  the  Inducer  of  Hepatic  Cytochrome  P-448  and 
Aryl  Hydrocarbon  Hydroxylase  in  the  Rat,”  Drug  Metabolism  and  Distribution,  Vol  6,  No.  3,  pp  258-264. 

159  Leatherland,  J.  F.,  Sonstegard,  R.  A.,  and  Holdrient,  M.  V.  1979.  “Effect  of  Dietary  Mirex  and  PCBs  on  Hepatosomatic 
Index,  Liver  Lipid,  Carcass  Lipid  and  PCB  and  Mirex  Bioaccumulation  in  Yearling  Coho  Salmon,  Oncorhynchus 
kisutch,""  Comparative  Biochemistry  and  Physiology,  Vol  63C,  pp  243-246. 

160  Maccubbin,  A.  E.,  Black,  P.,  Trzeciak,  L.,  and  Black,  J.  J.  1985.  “Evidence  of  Polynuclear  Aromatic  Hydrocarbons 
in  the  Diet  of  Bottom-Feeding  Fish,”  Bulletin  of  Environmental  Contamination  and  Toxicology,  Vol  34,  pp  876-882. 

161  Pizza,  J.  C.,  and  O’Connor,  J.  M.  1983.  “PCB  Dynamics  in  Hudson  River  Striped  Bass;  II:  Accumulation  from  Dietary 
Sources,”  Aquatic  Toxicology,  Vol  3,  pp  313-327. 

162  Pritchard,  P.  H.,  Cripe,  C.  R.,  Walker,  W.  W.,  Spain,  J.  C.,  and  Bourquin,  A.  W.  1987.  “Biotic  and  Abiotic  Degradation 
Rates  of  Methyl  Parathion  in  Freshwater  and  Estuarine  Water  and  Sediment  Samples,”  Chemosphere,  Vol  16, 
No.  7,  pp  1509-1520. 

163  Rubinstein,  N.  I.,  Gilliam,  W.  T.,  and  Gregory,  N.  R.  1984.  “Dietary  Accumulation  of  PCBs  from  a  Contaminated 
Sediment  Source  by  a  Demersal  Fish  (Leiostomus  xanthurus),"  Aquatic  Toxicology,  Vol  5,  pp  331-342. 

164  Smith,  A.  D.,  Griffith,  T.  J.,  Orr,  D.  E.,  and  Ozburn,  G.  W.  1980.  “Assimilation  Efficiency  and  Clearance  of  Trich¬ 
lorobenzenes  in  Rainbow  Trout,"  In:  Aquatic  Toxicology,  ASTM  STP  707,  J.  G.  Eaton,  P.  R.  Parrish,  and  A.  C. 
Hendricks,  Editors,  American  Society  for  Testing  and  Materials,  Philadelphia,  pp  216-223. 

165  Thomann,  R.  V.  1981.  “Equilibrium  Model  of  Fate  of  Microcontaminants  in  Diverse  Aquatic  Food  Chains,”  Canadian 
Journal  of  Fisheries  and  Aquatic  Sciences,  Vol  38,  pp  280-296. 


12 


EEDP-01-20 
August  1989 


166  Thomann,  R.  V.,  and  Connolly,  J.  P.  1984.  "Model  of  PCB  in  the  Lake  Michigan  Lake  Trout  Food  Chain,”  Envi¬ 
ronmental  Science  &  Technology,  Vol  18,  No.  2,  pp  65-71. 

Feeding  type  (167-169) 

167  Ekelund,  R.,  Granmo,  A.,  Berggren,  M.,  Renberg,  L.,  and  Wahiberg,  C.  1987.  “Influence  of  Suspended  Solids  on 
Bioavailability  of  Hexachlorobenzene  and  Lindane  to  the  Deposit-Feeding  Marine  Bivalve,  Abra  nitida  (Muller),”  Bul¬ 
letin  of  Environmental  Contamination  and  Toxicology,  Vol  38,  pp  500-508. 

168  Nimmo,  D.  R.,  Wilson,  P.  D.,  Blackman,  R.  R.,  and  Wilson,  A.  J.,  Jr.  1971.  “Polychlorinated  Biphenyl  Absorbed 
from  Sediments  by  Fiddler  Crabs  and  Pink  Shrimp,”  Nature,  Vol  231,  pp  50-52. 

169  Roesijadi,  G.,  Anderson,  J.  W.,  and  Blaylock,  J.  W.  1977.  "Uptake  of  Flydrocarbons  from  Marine  Sediments  Con¬ 
taminated  with  Prudhoe  Bay  Crude  Oil:  Influence  of  Feeding  Type  of  Test  Species  and  Availability  of  Polycyclic 
Aromatic  Hydrocarbons,”  Journal  of  The  Fisheries  Research  Board  of  Canada,  Vol  35,  pp  608-614. 

Kinetics  of  uptake  and  elimination  (81,  141,  153,  170-196) 

170  Bahner,  L.  H.,  and  Oglesby,  J.  L.  1979.  “Test  of  a  Model  for  Predicting  Kepone  Accumulation  in  Selected  Estuarine 
Species,”  In:  Aquatic  Toxicology,  ASTM  STP  667,  L.  L.  Marking  and  R.  A.  Kimerle,  Editors,  American  Society  for 
Testing  and  Materials,  Philadelphia,  pp  221-231. 

171  Boon,  J.  P.,  and  Duinker,  J.  C.  1985.  “Processes  Determining  the  Kinetics  of  PCB  Congeners  in  Marine  Organ¬ 
isms:  A  Comparison  Between  Laboratory  and  Environmental  Studies,”  Marine  Environmental  Research,  Vol  17, 
pp  301-305. 

172  Bradbury,  S.  P.,  Coats,  J.  R.,  and  McKim,  J.  M.  1986.  “Toxicokinetics  of  Fenvalerate  in  Rainbow  Trout  [Salmo 
gairdneri),"  Environmental  Toxicology  and  Chemistry,  Vol  5,  No.  6,  pp  567-576. 

173  Branson,  D.  R.,  Blau,  G.  E.,  Alexander,  H.  C.,  and  Neely,  W.  B.  1975.  “Bidconcentration  of  2,2’, 4,4’- 
Tetrachlorobiphenyl  in  Rainbow  Trout  as  Measured  by  an  Accelerated  Test,”  Transactions  of  the  American  Fisheries 
Society,  No.  4,  pp  785-792. 

174  Branson,  D.  R.,  Takahashi,  I.  T.,  Parker,  W.  M.,  and  Blau,  G.  E.  1985.  "Bioconcentration  Kinetics  of  2, 3,7,8- 
Tetrachlorodibenzo-p-Dioxin  in  Rainbow  Trout,”  Environmental  Toxicology  and  Chemistry,  Vol  4,  No.  6,  pp  779-788. 

175  Bruggeman,  W.  A.,  Martron,  L.  B.  J.  M.,  Kooiman,  D.,  and  Hutzinger,  O.  1981.  “Accumulation  and  Elimination  Kinet¬ 
ics  of  Di-,  Tri-  and  Tetra  Chlorobiphenyls  by  Goldfish  After  Dietary  and  Aqueous  Exposure,”  Chemosphere, 
Vol  10,  No.  8,  pp  811-832. 

176  Califano,  R.  J.,  O’Connor,  J.  M.,  and  Peters,  L.  S.  1980,  “Uptake,  Retention,  and  Elimination  of  PCB  (Ardor  1254) 
by  Larval  Striped  Bass  (Morone  saxatilis),"  Bulletin  of  Environmental  Contamination  and  Toxicology,  Vol  24, 
pp  467-472. 

177  Ernst,  W.  1977.  “Determination  of  the  Biconcentration  Potential  of  Marine  Organisms  A  Steady  State  Approach  I, 
Bioconcentration  Data  for  Relation  to  Solubility  Data,"  Chemosphere,  No.  11,  pp  731-740. 

178  Fowler,  S.  W.,  Polikarpov,  G.  G.,  Elder,  D.  L.,  Parsi,  P.,  and  Villeneuve,  J.  P.  1978.  “Polychlorinated  Biphenyls: 

Accumulation  from  Contaminated  Sediments  and  Water  by  the  Polychaete  Nereis  diversicolor ,"  Marine  Biology, 

Vol  48,  pp  303-309. 

179  Galassi,  S.,  and  Calamari,  D.  1983.  “Toxicokinetics  of  1,2,3  and  1,2,4  Trichlorobenzenes  in  Early  Life  Stages  of 
Salmo  gairdneri,"  Chemosphere,  Vol  12,  No.  11/12,  pp  1599-1603. 

180  Giesy,  J.  P.,  Bowling,  J.  W.,  and  Kania,  H.  J.  1980.  “Cadmium  and  Zinc  Accumulation  and  Elimination  by  Freshwater 
Crayfish,”  Archives  of  Environmental  Contamination  and  Toxicology,  Vol  9,  pp  683-697. 

181  Hawker,  D.  W.,  and  Connell,  D.  W.  1985.  “Relationships  Between  Partition  Coefficient,  Uptake  Rate  Constant,  Clear¬ 
ance  Rate  Constant  and  Time  to  Equilibrium  for  Bioaccumulation,’’  Chemosphere,  Vol  14,  No.  9,  pp  1205-1219. 

182  Hodson,  P.  V.,  Blunt,  B.  R.,  Borgmann,  U.,  Minns,  C.  K.,  and  McGaw,  S.  1983.  “Effect  of  Fluctuating  Lead  Exposures 

on  Lead  Accumulation  by  Rainbow  Trout  {Salmo  gairdneri),"  Environmental  Toxicology  and  Chemistry,  Vol  2, 
No.  2,  pp  225-238. 

183  Hoogen,  G.  V.,  and  Opperhuizen,  A.  1988.  “Toxicokinetics  of  Chlorobenzenes  in  Fish,”  Environmental  Toxicology 
and  Chemistry,  Vol  7,  No.  3,  pp  213-220. 

184  Karara,  A.  H.,  and  Hayton,  W.  L.  1988.  “Metabolic  Inhibition  and  Di-2-Ethylhexyl  Phthalate  Pharmacokinetics  in 
Fish,”  Drug  Metabolism  and  Disposition,  Vol  16,  pp  146-150. 

185  Karara,  A.  H.,  and  Hayton,  W.  L.  1984.  “Pharmacokinetic  Model  for  the  Uptake  and  Disposition  of  Di-2-Ethylhexyl 
Phthalate  in  Sheepshead  Minnow  Cyprinodon  variegatus,"  Aquatic  Toxicology,  Vol  5,  pp  181-195. 


13 


186  Konemann,  H.,  and  van  Leeuwen,  K.  1980.  “Toxicokinetics  in  Fish:  Accumulation  and  Elimination  of  Six  Chlorob¬ 
enzenes  by  Guppies,"  Chemosphere,  Voi  9,  p  1980. 

187  Krzeminski,  S.  F.,  Gilbert,  J.  T.,  and  Ritts,  J.  A.  1977.  “A  Pharmacokinetic  Model  for  Predicting  Pesticide  Residues 
in  Fish,”  Archives  of  Environmental  Contamination  and  Toxicology,  Vol  5,  No.  2,  pp  157-166. 

188  Langston,  W.  J.  1978.  “Accumulation  of  Polychlorinated  Biphenyls  in  the  Cockle  Cerastoderma  edule  and  the  Tellin 
Macoma  balthica,”  Marine  Biology,  Vol  45,  pp  265-272. 

189  Lohner,  T.  W.,  and  Collins,  W.  J.  1987.  “Determination  of  Uptake  Rate  Constants  for  Six  Organochlorines  in  Midge 
Larvae,”  Environmental  Toxicology  and  Chemistry,  Vol  6,  No.  2,  pp  137-146. 

190  Mackay,  D.,  and  Hughes,  A.  I.  1984.  “Three-Parameter  Equation  Describing  the  Uptake  of  Organic  Compounds 
by  Fish,”  Environmental  Science  &  Technology,  Vol  18,  No.  6,  pp  439-444. 

191  Mason,  A.  Z.  1988.  “The  Kinetics  of  Zinc  Accumulation  by  the  Marine  Prosobranch  Gastropod  Littorina  littorea,” 
Marine  Environmental  Research,  Vol  24,  pp  135-139. 

192  Niimi,  A.  J.,  and  Cho,  C.  Y.  1981.  “Elimination  of  Hexachlorobenzene  (HCB)  by  Rainbow  Trout  {Salmo  gairdneri), 
and  an  Examination  of  its  Kinetics  in  Lake  Ontario  Salmonids,”  Canadian  Journal  of  Fisheries  and  Aguatic  Sciences, 
Vol  38,  pp  1350-1356. 

193  O’Connor,  J.  M.,  Schnitz,  A.  R.,  and  Squibb,  K.  S.  1988.  “In  Vivo  Kinetics  of  Benzo(a)pyrene  and  7,12- 
Dimethylbenz(a)anthracene  Assimilation  and  Metabolism  in  Rainbow  Trout,”  Marine  Environmental  Research, 
Vol  24,  pp  63-67. 

194  Opperhuizen,  A.,  and  Schrap,  S.  M.  1987.  “Relationships  Between  Aqueous  Oxygen  Concentration  and  Uptake  and 
Elimination  Rates  During  Bioconcentration  of  Hydrophobic  Chemicals  in  Fish,”  Environmental  Toxicology  and  Chem¬ 
istry,  Vol  6,  No.  5,  pp  335-342. 

195  Roberts,  M.  H.,  Jr„  and  Fisher,  D.  J.  1985.  “Uptake  and  Clearance  Rates  for  Kepone  in  Two  Marine  Fish  Species,” 
Archives  of  Environmental  Contamination  and  Toxicology,  Vol  14,  pp  1-6. 

196  Walker,  C.  H.  1987.  “Kinetic  Models  for  Predicting  Bioaccumulation  of  Pollutants  in  Ecosystems,”  Environmental 
Pollution,  Vol  44,  pp  227-240. 

Lipid  content  (87-88,  171,  197-205) 

197  Boryslawskyj,  M.,  Garrood,  T.,  Stanger,  M.,  and  Pearson,  T.  1988.  “Role  of  Lipid-Water  Partitioning  and  Membrane 
Composition  in  the  Uptake  of  Organochlorine  Pesticides  into  a  Freshwater  Mussel,”  Marine  Environmental  Research, 
Vol  24,  pp  57-61. 

198  Chiou,  C.  T.  1985.  “Partition  Coefficients  of  Organic  Compounds  in  Lipid-Water  Systems  and  Correlations  with 
Fish  Concentration  Factors,”  Environmental  Science  &  Technology,  Vol  19,  No.  1,  pp  57-62. 

199  Geyer,  H.,  Sheehan,  P.,  Kotzias,  D.,  Freitag,  D.,  and  Korte,  F,  1982.  “Prediction  of  Ecotoxicological  Behavior  of 
Chemicals:  Relationship  Between  Physico-Chemical  Properties  and  Bioaccumulation  of  Organic  Chemicals  in  the 
Mussel  Mytilus  edulis,"  Chemosphere,  Vol  11,  No.  11,  pp  1121-1134. 

200  Lunsford,  C.  A.,  and  Blem,  C.  R.  1982.  “Annual  Cycle  of  Kepone  Residue  and  Lipid  Content  of  the  Estuarine  Clam, 
Rangia  cuneata,"  Estuaries,  Vol  5,  No.  2,  pp  121-130. 

201  Mackay,  D.  1982.  “Correlation  of  Bioconcentration  Factors,”  Environmental  Science  &  Technology,  Vol  16,  No.  5, 
pp  274-278. 

202  Schneider,  R.  1982.  “Polychlorinated  Biphenyls  (PCBs)  in  Cod  Tissues  from  the  Western  Baltic:  Significance  of 
Equilibrium  Partitioning  and  Lipid  Composition  in  the  Bioaccumulation  of  Lipophilic  Pollutants  in  Gill-Breathing 
Animals,”  Meeresforschung,  Vol  29,  pp  69-79. 

203  Shaw,  G.  R.,  and  Connell,  D.  W,  1980.  “Polychlorinated  Biphenyls  in  the  Brisbane  River  Estuary,  Australia,”  Marine 
Pollution  Bulletin,  Vol  11,  No.  12,  pp  356-358, 

204  Skea,  J.  C.,  Simonin,  H.  A.,  Dean,  H.  J.,  Colquhoun,  J.  R.,  Spagnoli,  J.  J.,  and  Veith,  G.  D.  1979.  “Bioaccumulation 
of  Aroclor  1016  in  Hudson  River  Fish,”  Bulletin  of  Environmental  Contamination  and  Toxicology,  Vol  22,  pp  332-336. 

205  Spigarelli,  S.  A.,  Thommes,  M.  M.,  and  Prepejchal,  W.  1983.  “Thermal  and  Metabolic  Factors  Affecting  PCB  Uptake 
by  Adult  Brown  Trout,”  Environmental  Science  &  Technology,  Vol  17,  No.  2,  pp  88-94. 

Metabolic  rate  (14,  145,  150,  156,  176,  194,  206-211) 

206  Dillon,  T.  M.  1983.  “Oxygen  Consumption  in  the  Shrimp,  Palaemonetes  pugio.  Exposed  to  Fluctuating  Temperatures 
and  Food  Contaminated  with  the  Diaromatic  Petroleum  Hydrocarbon,  Dimethyinaphthalene,”  Estuarine,  Coastal  and 
Shelf  Science,  Vol  16,  pp  403-413. 


14 


EEDP-01-20 
August  1989 


207  Landrum,  P.  F.  1988.  “Toxicokinetics  of  Organic  Xenobiotics  in  the  Amphipod,  Pontoporeia  hoyi:  Role  of  Physi¬ 
ological  and  Environmental  Variables,”  Aquatic  Toxicology,  Vol  12,  pp  245-271. 

208  Norstrom,  R.  J.,  McKinnon,  A.  E.,  DeFreitas,  A.  S.  \W.  1976.  “A  Bioenergetics-Based  Model  for  Pollutant  Accumulation 
by  Fish,  Simulation  of  PCB  and  Methylmercury  Residue  Levels  in  Ottawa  River  Yellow  Perch  {Perea  flavescens)," 
Journal  of  the  Fisheries  Research  Board  of  Canada,  Vol  33,  pp  248-267. 

209  Powell,  J.  H.,  and  Fielder,  D.  R.  1983.  “Temperature  and  Accumulation  of  DDT  by  Sea  Mullet  (Mugii  cephalus 
L.),”  Marine  Pollution  Bulletin,  Vol  14,  No.  1,  pp  21-24. 

210  Sijm,  D.  T.  H.  M.,  and  Opperhuizen,  A.  1988.  “Biotransformation,  Bioaccumulation  and  Lethality  of  2,8- 
Dichlorodibenzo-p-dioxin;  A  Proposal  to  Explain  the  Biotic  Fate  and  Toxicity  of  PCDD’s  and  PCDF’s,"  Chemosphere, 
Vol  17,  No.  1,  pp  83-99. 

211  Stalling,  D.  L,  Norstrom,  R.  J.,  Smith,  L.  M..  and  Simon,  M.  1985.  “Patterns  of  PCDD,  PCDF,  and  PCB  Contamination 
in  Great  Lakes  Fish  and  Birds  and  Their  Characterization  by  Principal  Components  Analysis,”  Chemosphere, 
Vol  14,  No.  6/7,  pp  627-643. 

Metallothioneins  (212-222) 

212  Hamilton,  S.  J.,  and  Mehrle,  P.  M.  1986.  “Metallothionein  in  Fish:  Review  of  Its  Importance  in  Assessing  Stress 
from  Metal  Contaminants,"  Transactions  of  the  American  Fisheries  Society,  Vol  115,  pp  596-609. 

213  Harrison,  F.  L.,  Watness,  K.,  Nelson,  D.  A.,  Miller,  J.  E.,  and  Calabrese,  A.  1987.  “Mercury-Binding  Proteins  in  the 
Slipper  Limpet,  Crepidula  fornicata.  Exposed  to  Increased  Soluble  Mercury,”  Estuaries,  Vol  10,  No.  1,  pp  78-83. 

214  Jenkins,  K.  D.,  and  Mason,  A.  Z.  1988.  “Relationships  Between  Subcellular  Distributions  of  Cadmium  and  Pertur¬ 
bations  in  Reproduction  in  the  Polychaete  Neanthes  arenaceodentata,"  Aquatic  Toxicology,  Vol  12,  pp  229-244. 

215  Klaverkamp,  J.  F.,  and  Duncan,  D.  A.  1987.  "Acclimation  to  Cadmium  Toxicity  by  White  Suckers:  Cadmium  Binding 
Capacity  and  Metal  Distribution  in  Gill  and  Liver  Cytosol,”  Environmental  Toxicology  and  Chemistry,  Vol  6, 
No.  4,  pp  275-289. 

216  Langston,  W.  J.,  and  Zhou,  M.  1987.  “Cadmium  Accumulation,  Distribution  and  Elimination  in  the  Bivalve  Macoma 
balthica:  Neither  Metallothionein  Nor  Metallothionein-like  Proteins  are  Involved,”  Marine  Environmental  Research, 
Vol  21,  pp  225-237. 

217  Riisgard,  H.  U.,  Bjornestead,  E.,  and  Mohlenberg,  F.  1987.  “Accumulation  of  Cadmium  in  the  Mussel  Mytilus  edulis: 
Kinetics  and  Importance  of  Uptake  Via  Food  and  Sea  Water,”  Marine  Biology,  Vol  96,  pp  349-353. 

218  Sanders,  B.  M,,  Jenkins,  K.  D.,  Sunda,  W.  G.,  and  Costlow,  J.  D.  1983.  “Free  Cupric  Ion  Activity  in  Seawater:  Effects 
on  Metaliothionein  and  Growth  in  Crab  Larvae,”  Science,  Vol  222,  pp  53-55, 

219  Viarengo,  A.,  Moore,  M.  N.,  Mancinelli,  G.,  Mazzucotelli,  A.,  and  Pipe,  R.  K.  1985.  “Significance  of  Metallothioneins 
and  Lysosomes  in  Cadmium  Toxicity  and  Homeostasis  in  the  Digestive  Gland  Cells  of  Mussels  Exposed  to  the 
Metal  In  Presence  or  Absence  of  Phenanthrene,”  Marine  Environmental  Research,  Vol  17,  pp  184-187. 

220  Viarengo,  A.,  Palmero,  S.,  Zanicchi,  G..  Capelli,  R.,  Vaissiere,  R.,  and  Orunesu,  M.  1985.  “Role  of  Metallothioneins 
in  Cu  and  Cd  Accumulation  and  Elimination  in  the  Gill  and  Digestive  Giand  Ceils  of  Mytilus  galloprovincialls  Lam.," 
Marine  Environmental  Research,  Vol  16,  pp  23-36. 

221  Webb,  M.  1979.  “The  Metallothioneins,”  In:  The  Chemistry,  Biochemistry  and  Biology  of  Cadmium,  M.  Webb,  Editor, 
Elsevier/North  Hoiland  Biomedical  Press,  The  Netherlands,  pp  195-266. 

222  Weser,  U.,  and  Rupp,  H.  1979.  "Physicochemical  Properties  of  Metallothioneins,"  In:  The  Chemistry,  Biochemistry 
and  Biology  of  Cadmium,  M.  Webb,  Editor,  Elsevier/North-Holland  Biomedical  Press,  The  Netherlands,  pp  267-283. 

Mixed-function  oxidases  (138,  140,  147,  223-235) 

223  Ankley,  G.  T.,  Blazer,  V.  S.,  Reinert,  R.  E.,  and  Agosin,  M.  1986.  “Effects  of  Aroclor  1254  on  Cytochrome  P-450- 
Dependent  Monooxygenase,  Glutathione  S-Transferase,  and  UDP-Clucuronosyltransferase  Activities  in  Channel  Cat¬ 
fish  Liver,”  Aquatic  Toxicology,  Vol  9,  pp  91-103. 

224  Clarke,  J.  U.  1986.  “Structure-Activity  Relationships  in  PCBs:  Use  of  Principal  Components  Analysis  to  Predict 
Inducers  of  Mixed-Function  Oxidase  Activity,”  Chemosphere,  Vol  15,  No.  3,  pp  275-287. 

225  Fries,  C.  R.,  and  Lee,  R.  F.  1984.  “Pollutant  Effects  on  the  Mixed  Function  Oxygenase  (MFO)  and  Reproductive 
Systems  of  the  Marine  Polychaete  Nereis  virens,"  Marine  Biology,  Vol  79,  pp  187-193. 

226  Gilewicz,  M.,  Guillaume,  J.  R.,  and  Bertrand,  J.  C.  1987.  “Characterization  of  the  Liver  Cytochrome  P  (450)  in  the 
Marine  Fish  Mugii  cephalus  and  Effects  of  Some  Hydrocarbons  on  the  Mixed-function  Oxidase  Components,” 
Marine  Biology,  Vol  96,  pp  157-162. 


15 


227  Gilewicz,  M.,  Guillaume,  J.  R.,  Carles,  D.,  Leveau,  M.,  and  Bertrand,  J.  C.  1984.  “Effects  of  Petroleum  Hydrocarbons 
on  the  Cytochrome  P-450  Content  of  the  Mollusc  Bivalve  Mytilus  galloprovincialis,"  Marine  Biology,  Vol  80, 
pp  155-159. 

228  Jimenez,  B.  D.,  and  Burtis,  L.  S.  1988.  “Response  of  the  Mixed-function  Oxidase  System  to  Toxicant  Dose,  Food 
and  Acclimation  Temperature  in  the  Bluegill  Sunfish,”  Marine  Environmental  Research,  Vol  24,  pp  45-49. 

229  Kloepper-Sams,  P.  J.,  and  Stegeman,  J.  J.  1988.  “Induction  of  Cytochrome  P-450  in  Fundulus  heteroclitus:  Enzyme 
Activity,  Immunochemical  and  Nucleic  Acid  Studies,”  Marine  Environmental  Research,  Vol  24,  No.  02232,  pp  21-25. 

230  Livingstone,  D.  R.  1987.  “Seasonal  Responses  to  Diesel  Oil  and  Subsequent  Recovery  of  the  Cytochrome  P-450 
Monooxygenase  System  in  the  Common  Mussel,  Mytilus  edulis  L.,  and  the  Periwinkle,  Littorina  littorea  L.,  The 
Science  of  the  Total  Environment,  Vol  65,  pp  3-20. 

231  Livingstone,  D.  R.,  and  Farrar,  S.  V.  1985.  “Responses  of  the  Mixed  Function  Oxidase  System  of  Some  Vivalve 
and  Gastropod  Molluscs  to  Exposure  to  Polynuclear  Aromatic  and  Other  Hydrocarbons,”  Marine  Environmental 
Research,  Vol  17,  pp  101-105. 

232  Livingstone,  D.  R.,  and  Farrar,  S.  V.  1984.  “Tissue  and  Subcellular  Distribution  of  Enzyme  Activities  of  Mixed- 
Function  Oxygenase  and  Benzo(a)pyrene  Metabolism  in  the  Common  Mussel  Mytilus  edulis  L.,”  The  Science  of 
the  Total  Environment,  Vol  39,  pp  209-235. 

233  Singh,  H.,  Pavgi-Singh,  S.,  Kezic,  N.,  and  Kurelec,  B.  1985.  “Xenobiotic  and  Endobiotic  Induction  of  Mixed  Function 
Monooxygenase  in  Carp  Cyprinus  carpio,"  The  Science  of  the  Total  Environment,  Vol  44,  pp  123-133. 

234  Spies,  R.  B.,  Felton,  J.  S.  and  Dillard,  L.  1982.  “Hepatic  Mixed-Function  Oxidases  in  California  Flatfishes  Are 
Increased  in  Contaminated  Environments  and  by  Oil  and  PCB  Ingestion,”  Marine  Biology,  Vol  70,  pp  117- 
127. 

235  Stegeman,  J.  J.,  and  Kloepper-Sams,  P.  J.  1987.  “Cytochrome  P-450  Isozymes  and  Monooxygenase  Activity  in 
Aquatic  Animals,”  Environmental  Health  Perspectives,  Vol  71,  pp  87-95. 


16 


